ABSTRACT
BACKGROUND
In Tanzania, dental diseases have remained at moderate levels, as approximately 30-40% of the population irrespective of age, is reportedly free from dental caries (1) . However, children and adolescents with untreated dentinal lesions and pain have been cited as the main reason for seeking dental care (1) (2) (3) . Poor oral hygiene is very common with a substantial proportion of youth having calculus and gingivitis (4) (5) (6) . Traditionally, the exposure to dental health care services has been low with a dentist to population ratio of 1:347,273 (7, 8) .
To compensate for the limited number of dental professionals and to make dental care available for the youth population, ART and oral health education, OHE, have been recommended. According to the World Health Organization (WHO), the ART is recognized to be appropriate for public oral health care services in developing countries (9, 10) . So far, this approach has been introduced in three regions of Tanzania (10) .
Use of oral hygiene measures, fluorides, dental services, and restricted sugar-and tobacco consumption contributes to the control of oral diseases, making prevention a priority means to cope with the oral health situation in non-occidental settings (11) . Bad oral hygiene conditions and the anticipated increase in caries prevalence following economic progress and changed dietary habits should be challenged primarily through preventive efforts (11) . Although OHE has been incorporated for years into the Tanzanian School Health Program, evidence suggests that pupils present with inappropriate knowledge and deficient tooth brushing skills (12) (13) (14) . Sugar consumption has remained at a moderate level, although commercialized sugar products gradually gain social importance (15) . Traditionally, the Tanzanian oral health education program has been evaluated in terms of the existing levels and distribution of oral diseases, whereas information about the scope and extent of oral health related behaviours have been almost neglected (6, 13) . Despite considerable work done for OHE in Tanzanian schools, few studies have been theory based and evaluated OHE in terms of oral health related knowledge, attitudes and behaviours.
Theoretical framework
Theory based interventions are based on the idea that it is possible to change cognitions and that those changes in turn will promote changes in prospective behaviours (16) . One popular theoretical framework for the pre-diction and change of health behaviours is the Theory of Planned Behaviour (TPB) (17, 18) . The TPB includes perceived behavioural control together with attitude and subjective norm, as determinants of behavioural intention, considering intentions to be an additive function of attitude, subjective norm and perceived control. These constructs, in turn, influence subsequent behaviour through behavioural intentions (18) . According to the TPB, changes in behaviour in response to information encountered across time follow from changes in intentions, whereas changes in intentions follow from changes in attitudes, subjective norms and perceived control. The predictive utility of the TPB has been supported for a wide range of health-and oral health behaviours (19, 20) . Studies have shown that the TPB provides a useful description of modifiable cognitions related to sugar consumption of adolescents and young adults in East Africa (15, 21) . In those studies, attitudes, subjective norms and perceived control correlated with the intended and self-reported sugar consumption (15, 21) . Importantly, cognitive correlates specify targets for the promotion of dietary habits in non-occidental cultural contexts. Within the framework of the TPB, persuasive communication might be tailored to modify cognitions associated with particular behaviours. It is unclear, however, what magnitude of behaviour change could be expected following interventions that successfully change cognitive behavioural determinants (22) . No previous study has investigated to what extent change in TPB specified cognitions is related to change in oral health related behaviours following OHE targeting young people in developing countries.
Purpose
Using a 6 months prospective ART/OHE approach, this study assessed the validity of the TPB components in predicting changes in intended and self-reported oral health related behaviours focusing school going adolescents from a deprived district of Tanzania. The following questions were addressed: To what extent is the TPB constructs, sugar consumption, tooth brushing and oral health related knowledge subject to change following a combined ART/OHE program? Are observed changes in intention to avoid sugared snacks associated with changes in attitudes, subjective norms and perceived control and with reported sugar consumption as specified by the TPB? This study also explored whether changes in oral health related knowledge associated with changes in attitudes towards sugar avoidance, tooth brushing frequency, and reported sugar consumption. It was hypothesized that increased intention to avoid sugar products would associate with changes towards more positive attitudes, subjective norms and perceived control, and with reduced sugar consumption. Moreover, it was hypothesized that improved oral health related knowledge would associate with more positive attitudes towards sugar avoidance, increased tooth brushing frequency, and decreased intake of sugared snacks.
METHODS
The present study was implemented in Lindi region in south-eastern Tanzania in 2008. Lindi is one of the most sparsely populated regions of the Tanzanian main land (23) . This region is divided into six districts; of which Kilwa was purposively selected, since the fluoride concentration in the drinking water is low (0.2 mg/L) and the district is particularly deprived regarding oral health care services. This study utilized a multi-group before-after design to estimate changes in knowledge, attitudes and behaviours related to oral health following ART and OHE. Data was generated from interviews with pupils at baseline (pre-intervention) and 6 months after the last scheduled intervention appointment (post-intervention) and from a full mouth clinical oral examination conducted at baseline. The study population comprised of pupils attending their 6 th primary public school year (N=8,609). A stratified one stage cluster sample design was utilized for the baseline survey. A detailed description of the calculation of sample size and the sampling procedure is provided elsewhere (24) . One thousand seven hundred and eighty out of 2,465 eligible students, yielding a response rate of 72.2%, consented to participate in the study. Their mean age was 13.8 years. Absence from school at the time of data collection was the main reason for non-participation. Ethical clearance was granted by the National Institute for Medical Research in Tanzania, the Regional Committee for Medical Research Ethics in Norway, and the Norwegian Data Inspectorate. Permission for students' participation was sought from school authorities. Ministry of Education and Vocational Training through the District Council approved the conduct of the study. Written and verbal informed consent to participate in the study was also obtained from schoolchildren and their parents.
Interview
Identical interview schedules were administered at baseline and follow-up by trained research assistants and completed by the students in face to face interviews. Each interview was conducted in a private and quiet place outside the classroom. The interview schedule was originally constructed in English, then translated into Kiswahili, and subsequently back-translated into English. It was pilot tested prior to its use in the field. Parents' level of education was originally scored (1) no formal education, (2) attended, but not completed primary school, (3) completed primary school, (4) attended, but not completed secondary school, (5) completed secondary school, (6) college or university education. For the purpose of analysis the educational variables (mother's and father's education) were recoded into (0) low education (including original categories 1 and 2) and (1) high education (including original categories 3, 4, 5 and 6). The cut-off point was justified by the distribution of the variables. Sugar consumption was constructed as a sum score of 5 questions in terms of "How frequently do you take biscuits, chocolates, ice sticks, soda, sugared fruit juice and sugared coffee/ tea"? using a 5 point scale from (1) never to (5) more than once a day. The higher the score the more frequent intake of sugared foods and drinks. Tooth brushing frequency was measured on a 5-point scale ranging from (1) never to (5) more than once a day. Knowledge related to oral health was assessed as a sum score of 9 statements in terms of; "are the following (bacteria, lack of hygiene, sugary food frequently, lots of sugary foods) causes of caries" and "can the following prevent dental caries from occurring" (reduced intake of sugary foods, regular brushing, use of fluoride toothpaste, regularly daily tooth brushing, stop eating sugared foods) assessed on a scale (1) yes, (2) no, (3) I do not know. The higher the sum score the weaker the knowledge related to oral health. Intention to avoid sugared snacks and drinks was assessed using two items "I intend to avoid frequent intake of sugared snacks and drinks" and "It is likely that I will avoid frequent intake of sugared snacks and drinks" each measured on a scale in the range (1) strongly agree (5) strongly disagree. The higher the sum score the weaker the intention (Cronbach's alpha 0.71). Attitudes towards avoiding sugared snacks and drinks were assessed using 4 items, e.g. "For me to avoid frequent intake of sugared snacks and drinks is useful" using a scale ranging from (1) strongly agree to (5) strongly disagree. The higher the sum score the weaker the attitudes towards sugar avoidance (Cronbach's alpha 0.70). Subjective norms related to avoiding sugared snacks and drinks in the future was measured in terms of "People who are important to me want me to avoid sugared snacks and drinks using a scale (1) strongly agree to (5) strongly disagree. Perceived control related to avoiding sugared snacks and drinks in the future was assessed by a sum score of three items; e.g. "If I want to I can easily avoid sugared snacks and drinks", using a scale (1) strongly agree to (5) strongly disagree. The higher the sum score the weaker the perceived control regarding sugar avoidance (Cronbach's alpha 0.60). The TPB constructs and questions regarding oral health related behaviours utilized in this study have previously shown to be valid and reliable when used on several occasions among young people in East Africa (15, 21) .
ART and OHE intervention
Following a full mouth oral clinical examination completed by one trained and calibrated dentist (KM), teeth with caries, but with no history of pain or tenderness were treated according to the ART manual (25, 26) . Teeth with a grossly damaged crown and with pain and tenderness to percussion, teeth with obvious pulp involvement, and teeth judged to be un-restorable were extracted under local anaesthesia. For a detailed description of the clinical examination and the ART treatment procedure which was provided free of charge, see (24) .
After completion of interviews and clinical examinations in that order, the participants in each school were gathered in a classroom to receive OHE. The OHE component of the intervention was implemented with the aim to increase students' knowledge of oral health problems, improve their attitudes towards sugar restriction, decrease the frequency of daily intake of sugared snacks and increase daily tooth brushing frequency. A team of one dentist, one assistant dental officer, one dental therapist, and one teacher conducted the educational sessions, giving room for participants to ask questions for clarification. The sessions lasted approximately thirty to forty-five minutes. One teacher from each participating school was trained by dental staff to continue to provide OHE covering topics on causes, symptoms, and prevention of dental caries.
Teacher provided OHE was continued on a weekly basis for a period of 6 months and delivered as an interactive talk between teachers and pupils around key oral health messages. The key oral hygiene messages included were brush with fluoride toothpaste and use a pea size amount of it, brush for three minutes at least twice a day, and replace toothbrush when bristles start to get out of shape. Each participant was given a toothbrush to be used at home. Information on the consequences of frequent sugar consumption on caries development and progression was also provided.
Statistical analysis
Data were analysed using PASW statistics 18.0. Design effect due to clustering and stratification was adjusted using Complex Samples. Internal consistency reliability was evaluated by Cronbach's alpha. Change scores of the TPB components, sugar consumption, tooth brushing and knowledge were constructed by subtracting post-from pre-treatment scores. A positive change score indicated improvement whereas a negative score indicated deterioration with respect to the TPB constructs and oral health related knowledge. A negative change score indicated improvement and a positive change score indicated deterioration with respect to sugar consumption and tooth brushing frequency, respectively. To quantify changes, effect size statistics were calculated by dividing the mean change scores by the SD of the corresponding pre-treatment score. Cohen (27) described effect size statistics of <0.2 to indicate a small, clinically meaningful magnitude of change, effect size statistics in the range 0.2-0.7 to indicate moderate change, and effect size statistics of >0.7 to indicate large change. Paired sample ttests and General Linear Models (GLM) for repeated measures was used to assess the within individual change of the TPB constructs, knowledge related to oral health, sugar consumption, and tooth brushing frequency in the total sample and according to groups receiving ART/OHE and OHE only. GLM for repeated measures was also used to test whether changes in attitudes, subjective norms, perceived behavioural control, sugar consumption, tooth brushing, and knowledge from baseline to follow up correlated with change scores of intention and oral health related knowledge. Bonferroni post hoc test was used to control for multiple comparisons.
RESULTS
As shown in Fig. 1 , the interviews were completed by 1,768 (72.2%) students at baseline, of who 1306 (follow up rate 73.8%) completed an identical interview at 6 months follow-up. A total of 335 (19.2% of 1,745 clinically examined at baseline) students were identified with treatment need (i.e., DMFT>0), 8.4% of the students was in need of filling therapy, and 10.6% was in need of both fillings and tooth extraction. Two hundred and eighty one students received treatment. At 6 months follow-up, 221 subjects who received treatment responded to the follow-up interview. Totals of 1,433 students without treatment need and 54 students who did not show up for treatment received OHE, only. Of those, 1,045 and 40 students were reinterviewed at follow-up. As shown in Table 1 , differences occurred between students who did (n=1,306) and did not (n=462) respond to the follow-up interview with respect to baseline socio-demographic factors, i.e. age, sex and place of residence, and with respect to attitudes towards sugar avoidance and tooth brushing frequency. As shown in Table 2 , the intervention groups (ART/OHE versus OHE only) were comparable at both times of measurements with respect to the socio-demographic factors measured at baseline.
As depicted in Table 3 , the mean attitude score was statistically significantly reduced from 11.0 to 10.7 between baseline and follow-up. Statistically significant changes were also observed with respect to perceived control, knowledge and tooth brushing. In the study group as a whole, perceived control with respect to sugar avoidance decreased, whereas knowledge and tooth brushing increased during the intervention period. The effect sizes were small to medium and ranged from 0.1 to 0.3.
GLM repeated measures revealed no statistically significant two-way interactions with respect to the intervention groups and the TPB constructs, sugar consumption, tooth brushing and oral health knowledge (Table 4) . Attitudes towards sugar avoidance improved moderately but statistically significantly between baseline and follow up in students receiving OHE only (mean scores 10.9 versus 10.7, p<0.05). No changes in the mean scores of intention, subjective norm, perceived behavioural control, and sugar consumption were observed in either group. Tooth brushing improvement was statistically significantly (3.0 versus 3.2, p<0.001) among students receiving OHE only. Oral health related knowledge improved among students receiving ART/OHE (15.1 versus 14.2, p<0.001) and among those having OHE only (15.1 versus 14.1, p<0.001). As there were no statistically significant differences in change scores between the two intervention groups, all measures from the two groups were pooled and analysed further according to change scores of intended sugar avoidance and oral knowledge. GLM repeated measures revealed statistically significant two-way interactions between change groups of intention on the one hand side and attitudes, subjective norms, perceived behavioural control, and sugar consumption on the other hand side (Table 5) . Following the TPB, changes in attitudes, subjective norms and perceived control with respect to sugar avoidance discriminated between those who improved, were stable and deteriorated intended sugar avoidance (Table 5) . Attitudes, subjective norms and perceived control deteriorated and improved in subjects who respectively, deteriorated and improved their intention to avoid sugared snacks. Moreover, sugar consumption decreased statistically significantly in subjects who improved their intended sugar avoidance between baseline and follow up. As shown in Table 5 , GLM repeated measures revealed statistically significant two-way interactions between knowledge change groups on the one hand side and attitudes towards sugar avoidance. Attitudes towards sugar avoidance and students' tooth brushing increased in students who improved their oral knowledge and deteriorated in students who deteriorated their knowledge. Changes in sugar consumption were not related to changes in oral health related knowledge.
DISCUSSION
This study has shown that a combined intervention of ART and OHE implemented by oral health care staff and teachers in primary school, improved students' oral health related knowledge, attitudes towards sugar avoidance, and tooth brushing frequency, but had no effect on their motivation to avoid sugared snacks and their self-reported level of sugar consumption. Following the intervention, changes in TPB specific cognitions were related to changes in intended sugar avoidance and to changes in self-reported sugar intake as predicted by the TPB. Thus, interactive communication with students targeting cognitions by verbal instructions and being supported by reminders from teacher fostered behavioural change, in accordance with socio-cognitive models, such as the TPB (18) . However, as shown in Table 3 , the effect sizes amounted at best to 0.3 (tooth brushing), thus reflecting small changes according to the benchmarks defined by Cohen (27) . The weak effect observed might be explained, partly, by the short-time intervention of 6 months and partly by the fact that the Tanzanian primary school system suffers from extreme underfunding and bureaucratic inefficiency. Thus, the primary schools in rural areas face challenges that might undermine oral health interventions. Already at baseline, students reported low level of sugar consumption, performed tooth brushing with moderate frequency and reported strong intentions to avoid sugared snacks. The possibility that the change scores presented are confounded by regression to the mean effect, whereby those with more extreme scores at baseline tend to have less extreme scores at follow up, regardless of any real change in the characteristic being measured, cannot be overlooked. Moreover, simply growing up and becoming more mature might have contributed to some of the changes observed. Important learning might occur from administration of questionnaires alone prompting subjects to seek information about oral health. Kowash (28) showed a good cost-benefit ratio for OHE programs when compared to several other preventive approaches. In Tanzania, the relatively late age of school leavers and the low proportion of students who continue to secondary schools suggest that primary schools are currently the best institution to implement OHE at a relatively low cost and on a large scale. The self-report behavioural measures utilized in this study have been shown to correlate with oral hygiene measures and the frequency questionnaire on sugar consumption have been found to be acceptable to classify school children into broad categories of low and high sugar consumption (29) .
A limitation of this study is not to have randomized subjects into intervention and control groups. Inclusion of a control group would have allowed for a valid comparison of changes in scores between groups (30). With some exceptions, few studies have employed a randomized controlled trial (RCT) design, making the evidence underpinning OHE programs relatively weak (31) (32) . Because the present study was designed to satisfy ethical requirements of the health authority and since available resources were limited, a true control group (i.e. delayed intervention group) could not be included. Nevertheless, the multiple groups before and after design enabled a simple assessment with respect to gain in knowledge and improvement in attitudes and behaviours following the minimal ART/OHE intervention. The study group examined at baseline was recognized to be fairly representative of the school-going adolescent population in the district of Kilwa. Despite a follow up rate of 73%, non-response analyses showed differences in socio-demographic characteristics as well as in tooth brushing and attitudes, suggesting that follow-ups and non-responders had different background and were differently exposed to oral health information. On the other hand, the distribution of intervention groups remained stable throughout the follow-up period, indicating limited bias due to differential non-response.
Whereas improvement in tooth brushing and oral health knowledge was equally pronounced across intervention groups, students in the group without treatment need (OHE only) experienced the largest improvement in attitudes towards sugar avoidance. In accordance with the present results, interventions comprising elements of school based OHE have been found to be effective across behavioural domains (33) . Strong reviews have shown that theory based educational programs produce better effects than nontheoretical programs. Psychological models of behavioural change such as the TPB, has been effective in improving adherence to oral hygiene instructions (34) . Consistent with the present results, improvements with respect to oral cleanliness, gingival health, and oral health knowledge following school based OHE have been reported in both developing and developed countries (32, (35) (36) . Whether the improved oral health related knowledge, attitudes and behaviours observed in this study will improve students' oral health status remains questionable. Thus, reservation has been raised as to the effectiveness of OHE in caries prevention. Several studies have found clinical prevention and OHE approaches alone to be unsuccessful in achieving sustainable improvements (37) .
In accordance with the propositions of the TPB (19) , students who declined and increased intended sugar avoidance, respectively declined and increased their corresponding cognitions related to sugar avoidance. Moreover, students who decreased and increased their intended sugar avoidance, respectively, increased and decreased their actual sugar consumption. This adds support to the TPB as a model of changing behaviour (38) . Whether guidelines derived from the TPB lead to behavioural change in the desired direction should be evaluated in future studies using RCT design.
In summary, it seems that primary school students in a deprived rural area of Tanzania improved their oral health knowledge, attitudes towards sugar avoidance and tooth brushing frequency when exposed to school-based OHE and ART. The observed increase in tooth brushing frequency points to the importance of availability of oral remedies as a key factor in behavioural change. Similar improvement in sugar consumption was not observed. Probably, the short lasting intervention program was not sufficient to obtain restricted sugar consumption, suggesting that behavioural change is a long term process that unfolds over time. Support to the TPB as a model of changing behaviour was provided by confirming the hypotheses; that increased intention to avoid sugar products following intervention associated with changes towards more positive attitudes and reduced sugar consumption and that increased oral health related knowledge associated with more positive attitudes towards sugar avoidance.
